Abstract-This paper introduces the working principle of the two-stage decoupled micro-machined gyroscope, and establishes the vibration equation of the driving mode. By solving the differential equation, the analytical solution and the amplitude-frequency characteristics of the driving mode are obtained. By the visual measurement based on high-speed photography and the post image processing, it measures the natural frequency of the driving mode of the micro-machined gyroscope. And it measures the damping coefficient in time domain and frequency domain respectively using this method. The comparison to the theoretical solution proves that the method is effective and accurate; it will help the study for the micro-machined gyroscope vibration and provides a new way to measure MEMS.
INTRODUCTION
Gyroscopes have played an important role in aviation, space exploration and military applications.
Until recently, high cost and large size made their use in automobiles and other consumer products prohibitive. With the advent of micro electromechanical systems (MEMS), gyroscopes and other inertial measurement devices can now be produced cheaply and in very small packages in the micro domain. An example of this are the MEMS accelerometers now used in some automobiles to detect collisions for air bag deployment [1] .
The micro-machined gyroscope has tow vibration mode when it works in normal operation condition. One is the driving mode; the other is the detecting mode. The two modes has different dynamic characteristic in different driving volt and different barometric pressure [2] .The twostage decoupled gyroscope can decrease the mechanical coupling error and eliminate the identical frequency disturbing. The principle of the two-stage decoupled gyroscope is shown in Figure 1 [3].The inertial mass is supported by elastic beams consists of inner frame and outer frame, which form the movable structure [4] . When driving combs are applied by an alternating driving voltage, the whole structure is vibrating by simple harmonic vibration in X direction. Movable end of detection capacitance, 12 Fixed end of driving-detection capacitance, 13 Movable end of driving-detection capacitance, 14 Decoupled bow beam When input the angular velocity of Z direction ,the inner frame which named as sensitive mass block can move in the direction of Y, will produce a displacement of Y direction because of coriolis forces. The variation of the capacitance consisting of movable and fixed combs can be measured to calculate the displacement in Y direction [5] . Because the variation of the capacitance is corresponding to angular velocity that input in Z direction, thus we can calculate angular velocity by detecting the variation of the capacitance. The movement in X direction is called driving mode, the movement in Y direction is called detecting mode [6] .
In the two-stage decoupled micro gyroscope, every direction use two-stage bow beams. The bow beam can be approximately considered as have a one-dimensional degree freedom, while in the vertical direction is rigid. Despite sensitive mass block has two degrees of freedom, detecting capacitance has only one degree of freedom,it makes that micro-machined gyroscope can inhibit the mechanical coupling error under a minimal range by depending on its self-structure and solve the coupling problem of driving mode and detecting mode, which can raise the capability of the micro-machined gyroscope greatly [7] [8] .
II. THE VIBRATION IN THE DRIVING MODE
For the two-stage decoupled micro-machined gyroscope, the mass of the whole driving system is 1 m . 
B is the amplitude of the stationary solution
The displacement of the system under different damping ratio shown in Figure 2 First, the micro gyroscope is droved to vibrating by applied AC plus DC. The driving frequency is sweeping which generated by a programmable signal generator with the frequency alternating from 3500 Hz to 5500 Hz continuously. Second, the ZEISS Image2 microscope is used in the test.
Third, design value of gyroscope's natural frequency is close to 5000 Hz. Here is PHOTRON SA4 high speed camera, the sampling frequency is 30000 Hz [13] .The video photographed by high speed camera is transmitted into computer by a giga Ethernet data line.
The detection system software is programmed based on MATLAB GUI. Due to the high acquisition speed of high-speed photography is up to 40,000 frame / sec, the image processing cannot handle such a huge data in real-time. The image processing belongs to post processing.
The function of the processing is shown as Figure 5 . The image processing system import the video files that shoot by the high speed camera.Then filtering and format transforming for each image in the video and image segmentation will be done. Nobuyuki Otsu proposed a threshold-based segmentation algorithm.
It is an adaptive threshold determining method, also known as Otsu method [17] . It divided the image into background and target. More difference of the variance between the background and the target, more difference between the two parts which constitute the image. Either the background classified as the target or the target classified as the background will decrease the variance. Otsu method means the probability of misclassification will be minimum theoretically.
The most common way of Otsu is using the maximum variance as optimum threshold between target and background of an image to segment image dynamically. In most cases，Otsu method makes reasonable segment result. It makes pretty well result especially for the image has two peaks in the gray histogram show as Figure 6 µ is the percentage and average gray level of the target of the image respectively. µ is the average gray level of the whole image.
Make T gets the maximum, and the image will segment well. On the other hand, after the micro gyroscope is driving, it will vibrate in high frequency.
The images include the moving part and stationary part [18] . Generally, the movement can be detected by the threshold in frame difference (TIFD) [19] .It use the strong dependence in the video sequences and filter on the result to detect the moving object in a video. For simplify the computation and save the computer memory, we use ROI (Region of Interest) to deal with the high speed photography. That means to process only in an interesting region. It shows the region selection near the driving beam of the micro gyroscope in Figure 7 .It has higher amplitude and bigger area than others easy to detecting. 
（7）
The moments of image represent the characteristics of the image and also called as geometric moments. Some of the moments possess the rotation, translation, dimension invariant and called as invariant moment. In image processing, geometric invariant moments can be used as important characteristics to present an object. And according to this, the image can be classified by the geometric invariant moments.
Moments are used to reflect the distribution of random variable in the statistics. In mechanics, it is used to describe the mass distribution in space. For the same reason, if the gray of the image is regard as a function of two-dimension or three-dimension density distribution, the moment method can be used to image analysis and feature extraction.
The most commonly used is the zero order moment that presents the "mass" of the image. It is shown as follow. Due to the similarity of the edge sequential images in the high speed photograph video, the distribution of the edge is same. We measure the vibration of the micro gyroscope in test. So using the centroid method to detect the vibration is more reliable than using an edge detection method.
b. Algorithm implementation
The algorithm handles the nonhomogeneity on the edge of the image, eliminates the noise well and extracts the vibration accurately. In the ROI, the algorithm explains as below. Vibration curve needs a sequential image that makes the high speed camera shoot continuously.
At the same time, the measurement detects the dynamic characteristics of the micro-gyroscope which makes the sampling frequency greater 10 times than the vibration frequency. 
V. NATURAL FREQUENCY OF THE MICRO GYROSCOPE
Because of the natural frequency of the micro gyroscope is sensitive to the circumstance such as temperature and atmosphere pressure etc. So the natural frequency is different greatly from the design value. Here we introduce a method to measure the natural frequency using the high speed photography and digital image processing system.
It is well know that when the driving frequency is equal to the natural frequency, the driving mode resonance occurs [21] . The diving mode has maximum amplitude and the frequency is called resonant frequency [22] .We drove the micro gyroscope to vibrate under a frequency alternating from 3500 Hz to 5500 Hz continuously in just 0.6 second. This will ensure that the natural frequency will be swept. The displacement of the driving beam is shown in Figure 11 .By fast Fourier transform (FFT) and filtering processing on the data listed in Figure 11 , the micro gyroscope's amplitude-frequency characteristic curve is shown in Figure 12 . It is concluded that micro gyroscope's resonant frequency is 3985.3 Hz. For micro gyroscope, because of little air packaged in it, there is squeeze-film damping, slide film damping in it. And consider the micro size effect of the MEMS structure, the calculation of the damping of the microfluid is become significantly difficult and difficult to fix. The most common method is free vibration method and half power point method.
The free vibration method uses the curve of vibration with attenuation to calculate the damping.
Under small damping, that is For the continuous signal and stable vibration, FFT also can calculate the amplitude-frequency characteristic curve which is shown in Figure 17 .Using half power point method on the first resonance hump, the relative damping ratio ξ can be calculated.
Compare half point power method with free vibration method in measuring the damping coefficient, the difference is 0.000063 and less than 1%.The two completely different method using time domain and frequency to measure the damping has so close result. It effectively proves that the two methods are correct, effective.
VI. CONCLUSION
Using the high speed photograph, the natural frequency of the driving mode of two-stage decoupled gyroscope is measured and tested. The algorithm and implementation is detailed described.And using two different methods, the damping of the vibration is tested. Using the digital image processing to measure and test the vibration of the micro gyroscope, it is a noncontact measurement and has certain feasibility. Although it is used only on the vibration of driving mode and has particular difficult to use it on the detecting mode, it provides a novel method for the research of dynamic characteristics of microstructure of MEMS.
